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Most pathology laboratories are housed in old buildings which have been converted with varying degrees of success for purposes for which they were never originally intended. As the building programme for new hospitals slowly gathers momentum, more attention is being paid to the design of laboratories. Advances in technology and diagnostic procedures must profoundly influence the type and content of buildings in which the changing activities of the laboratories can most suitably be housed. Most of the problems arising were aired at a meeting in January 1969 at the Scottish Hospital Centre, Edinburgh, on 'Laboratory design: trends in user requirements', but apart from a comment 'there could be a significant loss of efficiency if workers were distracted by noise' during the course of discussion, scant attention appears to have been paid to this aspect of the laboratory environment.
The continually rising demand and the constant clash between the needs of accuracy on the one hand and the need to produce a mass of results as quickly as possible are stresses familiar to all pathologists, and clinical chemists in particular. The strain and fatigue of the technical staff, however, seemed to us to be greater than the degree of stress due to these causes.
It has also been apparent that the steadily increasing mechanization of clinical chemistry laboratories has been accompanied by a rising degree of noise. As there was a lack of objective data on the subject, following a preliminary investigation, it was decided to carry out a more detailed study on the noise levels in the section 
INTERPRETATION OF NOISE LEVELS
Sound pressure levels are given in decibels (dB), which are a logarithmic unit of the ratio of measured sound pressure to a reference sound pressure of0 0002 dynes/cm2. Overall sound levels are given in dB(A). The 'A' indicates that the response of the sound level meter is modified to some extent to simulate the response of the human ear. The unit dB(A) is given as a single number to represent a noise level and avoids involved calculation.
The octave band analysis results have been converted to noise ratings (NR) numbers. The octave band levels in dB are shown graphically in Figures 1 and 2. The lowest curve, which is not crossed by connecting the plotted levels, gives its number to the noise as the noise rating number. Appropriate criteria for buildings have been proposed by Kosten and Van Os (1962) , and the code of the International Standards Organisation has been based upon these noise rating numbers. For most industrial noises the NR value and dB(A) level are comparable; for a given noise the dB(A) level is usually 3 to 6 dB higher than the noise rating values.
Results

MAIN LABORATORY
The major sources of noise in this room are as follows:
Flame photometer (Technicon AutoAnalyzer, mark
II)
The noise from this instrument dominates the room and the noise level depends upon the distance from the machine, but is 75 dB(A) (NR 72) 3 feet from the machine, and 71 dB(A) 6 feet from the machine. The noise environment in this laboratory is much more complicated than in either of the above rooms because there are a number of sources of noise, of approximately similar power, and which are used intermittently. These are the fume cupboard 71 dB(A), NR 69; centrifuges (M.S.E. Multex-floor mounted, and Picolo Griffin Christ -bench mounted) together 69 dB(A), NR 67; laboratory washer (Heinicke, USA), 68-70 dB(A), NR 68; heating system, detectable subjectively, but not objectively when the laboratory washer is working; lift(the motor of the lift in the pathology block being housed on the original roof was incorporated into the structure of the additional buildings in which clinical chemistry is situated), not measurable objectively when other laboratory equipment is working; punch, a stamping punch used on request forms by a laboratory assistant was the loudest source of noise in the room, peak levels exceeding 75 dB(A).
The time charts of the noise level showed a basic ambient level in the laboratory of 50 to 55 dB(A) which existed for one-third of the time between 9 am and 7 pm. Superimposed upon this were the noises listed above, the loudest sorceu controlling the peak level, ie, punch operation up to 75 to 80 dB(A), steam input to washer up to 85 dB(A), voice and footstep peaks, or glassware impacts up to 85 dB(A). Thus, for most of the time the level was in the range 60 to 70 dB(A) with isolated peaks (repeated in the case of the punch) of 75 to 80 dB(A). Tables I and II. Table I shows the distance at which normally loud speech is still intelligible in the presence of noise. The method of noise assessment is that of noise rating number and is due to Furrer (1964) . When voices are raised, the distances should be doubled.
The method of Webster (1965) uses the concept of speech interference level (SIL) which is in this case the average sound pressure level, in decibels, of noise in octave bands centred at 500, Table IV Use of noise-rating curves for telephone conversation 1,000, and 2,000 Hz. Table II shows the levels of noise which just permit conversation with marginal reliability and is based upon the correct understanding of 750% of isolated phonetically balanced words.
Results from these two sets of criteria are presented in Table III for each laboratory area. There is some discrepancy in the conclusion given by -each method, probably due to difference in meaning of 'still intelligible' and 'marginal reliability', but it is quite clear that normal speech levels in the main laboratory will not permit the accurate transmission of words or data at the normal working distance between technicians.
Noise-rating curves for telephone conversation These are shown in Table IV (Furrer, 1964 (range 60-70) It is apparent from the above data that tolerance plays a part in an individual's reaction to noise. On this basis, it might be considered that the laboratory worker will have grown accustomed to levels of noise that others would find unacceptable, so that the laboratory might be equated with the workshop. If this standard is adopted, then in these laboratories the acceptability criteria are exceeded and the staff could be expected to find the background noise level annoying. Thus, another stress is added, and this must be considered as a factor contributing to the fatigue mentioned earlier.
In the light of these findings, it would seem justified to take steps to combat the noise problem. The first and most important must lie in the Noise levels in a clinical chemistry laboratory design and layout of the laboratory areas. Where noisy equipment must be used, it should where practicable be housed in rooms which can be shut off from the main working areas. Consideration should be given also to incorporating noiseabsorbing materials in the construction of walls and ceilings. Improvement in the design of noisy equipment must also be considered, and since this is most advantageously carried out by the manufacturer, representations should be made in that quarter. It is perhaps worth noting that attention has been drawn to closer liaison between hospital scientists and manufacturers in the Zuckerman Report on Hospital Scientific and Technical Services (1968) .
With regard to noise reduction measures for existing equipment, an asbestos baffle, placed round the flame photometer (it would have to be easy to remove), could be designed. Fortunately, the manufacturer has noted objections to the noise produced by this instrument, and the later designs are said to be quieter. The fume cupboard noise is almost certainly a matter of bad design, and by adjusting vent sizes and flow rates, it is possible that noise emission could be reduced. Theoretically, centrifuges could be placed within noise-insulating boxes without interfering with accessibility to the chamber and the controls. Computer noise is now beginning to be considered seriously by manufacturers, but at the present time it is difficult to see what can be done to improve existing installations. The glassware washer appears to present an intractable problem.
Conclusions
This investigation has demonstrated that in one clinical chemistry department noise levels are becoming an increasing problem. Fortunately, they are insufficient to cause damage to hearing, but the levels exceed those acceptable in offices and workshops. At present no noise acceptability criteria have been laid down for laboratories, and this is a matter requiring attention. It is suggested that there is urgent need for consideration of the noise problem by both laboratory architects and laboratory equipment designers.
